A demethylases (FTO and ALKBH5) [5, 6] . These 'writer' and 'eraser' enzymes are required for embryo development, energy homeostasis and fertility, suggesting fundamental regulatory roles of m A 'readers' to regulate mRNA degradation [7] . YTHDF2 specifically binds to m 6 A-containing mRNA via its C-terminal YTH domain, and recruits the mRNA to cytoplasmic foci (P bodies) to control mRNA degradation via its P/Q/N-rich N terminus [7] . A further mechanistic understanding of the function of m 6 A modification requires the knowledge of the molecular basis of m 6 A-specific recognition by the YTH domain. We first characterized the binding affinity of the YTH domain of human YTHDF2 (YTH-YTHDF2) to m 6 A-containing RNA using fluorescence polarization (FP) assays. YTH-YTHDF2 binds to an m 6 A-containing RNA probe (AUGG(m 6 A)CUCC, sequence derived from son mRNA which colocalized with YTHDF2 in vivo [7] ) with a dissociation constant (K d ) of 1.2 ± 0.1 μM; the affinity is dramatically decreased when the RNA probe is unmethylated ( Figure 1D ).
In order to uncover how the specific recognition of m 6 A by YTH-YTHDF2 is achieved, we solved the crystal structures of the YTH domain of human YTHDF2 (NP_057342.2) in the free form and in complex with an m 6 A mononucleotide. The crystal structure of apo YTH-YTHDF2 was refined to 2.15 Å resolution (Supplementary information, Table S1 ). The asymmetric unit contains six YTH-YTHDF2 molecules with a backbone root-mean-square deviation (RMSD) of 0.2 Å. YTH-YT-HDF2 adopts a mixed α-helix-β-sheet fold, which is composed of three α helices (α1-α3), eight β strands (β1-β8) and two 3 10 helices ( Figure 1A ). The six central β strands (β8-β1-β3-β4-β5-β2) are arranged in an atypical β-barrel fold and covered by the three α helices, constituting the hydrophobic core ( Figure 1A ). There are a small β-sheet formed by strands β6 and β7 and two 3 10 helices between strands β5 and β8, packing on the surface of α3 ( Figure 1A ).
The crystal structure of YTH-YTHDF2 in complex with an m 6 A mononucleotide was refined to 2.10 Å resolution (Supplementary information, Table S1 ). Each asymmetric unit contains two protein molecules and each molecule binds to an m 6 A mononucleotide in a similar manner. Structural superimposition of free and m 6 A-bound YTH-YTHDF2 structures reveals a local conformation adjustment of the loop between β4 and β5 (β4-β5 loop) ( Figure 1A ). The m 6 A mononucleotide is tightly locked in a hydrophobic pocket formed by residues from α1 helix, β2 strand and β4-β5 loop ( Figure  1A and 1B) . Specifically, the m 6 A mononucleotide is positioned in an aromatic cage of three aromatic amino acids, of which Trp486 from β4-β5 loop forms the base, and Trp432 from β2 strand and Trp491 from β4-β5 loop form the walls ( Figure 1C ). The aromatic rings of Trp432 and Trp491, which undergo an induced flipping coupled with m 6 A binding, are almost parallel to each other (Supplementary information, Figure S1A ). The m 6 A adenine moiety is sandwiched by these two aromatic walls. The methyl group of the m 6 A mononucleotide is pointed toward the aromatic ring of Trp486 with a distance of about 3.8 Å, and is also sandwiched by the two aromatic ring walls with a distance of about 4 Å (Supplementary information, Figure S1B ). Mutations of the aromatic cage residues (Trp432Ala, Trp486Ala and Trp491Ala) significantly reduced the binding affinity of YTH-YTHDF2 to the m 6 A RNA probe, confirming the importance of the aromatic cage for m 6 A binding ( Figure 1D ). The m 6 A- YTH-YTHDF2 interaction also involves the formation of intermolecular hydrogen bonds between the N1 nitrogen atom and the side chain carbonyl oxygen of Asp422, the N3 nitrogen atom and the backbone NH of Tyr418, and the N6 nitrogen atom and the backbone carbonyl oxygen of Cys433 ( Figure 1C) . Overall, the recognition of m 6 A is facilitated by the π-π interactions between the adenine base and the aromatic cage, the cation-π interactions between the N6-methyl moiety and the aromatic cage, and a set of hydrogen bonds, demonstrating at atomic resolution a well-organized pocket for m 6 A reading. The arrangement of aromatic residues is reminiscent of a common molecular architecture for the recognition of methylated lysine and arginine, examples of which can be found in chromo, tudor and PHD domains [8] . Two of the three residues (Trp432 and Trp486) in YTHDF2 that form the aromatic cage are completely conserved in YTH domain-containing proteins ( Figure 1E ). The third aromatic cage residue (Trp491 in YTHDF2) is replaced by Tyr237 in PHO92, the only known YTH domain-containing protein in Saccharomyces cerevisiae (S. cerevisiae) [9] , and a leucine residue in YTHDC1/2 which have been reported to bind to a degenerate unmethylated RNA sequence [10] (Figure 1E ). During the preparation of this manuscript, structures of the YTH domains of human YTHDC1 [11] and ZrMRB1 (the ortholog of S. cerevisiae PHO92 in Zygosaccharomyces rouxii) [12] were reported. The three YTH domains show high structural similarity with all pairwise backbone RMSD values below 1 Å and possess a similar pocket for m 6 A binding despite the variance in the third aromatic cage residue (Supplementary information, Figure S1C and S1D).
In summary, our data presented here provide the molecular basis for the recognition of m 6 A by the YTH domain of YTHDF2. As the G nucleotide at the −1 position relative to the m 6 A site adopts different conformations in the two recently reported structures [11, 12] , further studies are needed to illustrate the structural basis of preferential recognition of the conserved G(m 6 A)C motif by YTH-YTHDF2 [7] .
The atomic coordinates of YTH-YTHDF2 in the free state and in complex with an m 6 A mononucleotide are deposited in the Protein Data Bank under accession numbers 4RDO and 4RDN, respectively.
